Objective: This prospective, post-marketing study collected sunitinib safety and efficacy data in Japanese patients with unresectable/metastatic renal cell carcinoma. Retrospective analysis investigated adverse events as potential sunitinib efficacy biomarkers. Methods: Patients administered sunitinib, after its release, were registered until reaching a pre-specified number of cases. Primary starting dose was 50 mg/day orally on a 4-weeks-on and 2-weeks-off schedule. Physicians completed investigation forms at 6-week intervals for 24 weeks. Associations between baseline characteristics and adverse events were analyzed by Cox proportional hazards model and compared by χ 2 test. The log-rank test compared survival in subpopulations based on selected factors.
Introduction
Sunitinib malate (Pfizer Inc., New York, NY, USA), an oral multitargeted inhibitor of vascular endothelial growth factor (VEGF) receptors and other receptor tyrosine kinases, was approved in Japan in April 2008 for the treatment of unresectable or metastatic renal cell carcinoma (RCC) and imatinib-resistant/intolerant gastrointestinal stromal tumor (GIST). Approval in RCC was based primarily on a global Phase III clinical registration trial in treatment-naïve patients with metastatic RCC (N = 750) in which sunitinib significantly improved progression-free survival (PFS) compared with interferon-α (IFN-α) (median PFS 11 vs. 5 months; P < 0.001), as well as objective response rate (ORR; 47 vs. 12%; P < 0.001) (1, 2) . In addition, median overall survival (OS) was 26.4 and 21.8 months with sunitinib and IFN-α, respectively (2) . A Phase II clinical trial has also demonstrated the efficacy and tolerability of sunitinib in Japanese patients with metastatic RCC (N = 51) (3, 4) .
Post-marketing research to monitor possible adverse drug reactions has become a common requirement of regulatory approvals worldwide, particularly for oncology drugs, which often receive accelerated approval on the basis of a limited number of clinical trials. Post-marketing research allows evaluation of the use of a drug in much larger numbers of patients encompassing broader patient populations over longer durations and under less controlled conditions than do registrational clinical trials. A post-marketing activity that is particular to Japan is known as all-cases or all-patient surveillance, which entails registering and monitoring all patients who are prescribed a drug after marketing authorization until a pre-specified number of patients have been registered. This type of post-marketing study, which has become a requirement for most oncology drugs in Japan, facilitates faster and more accurate evaluation of adverse drug reactions than does standard post-marketing surveillance. Importantly, the Japanese system also allows assessment of drug efficacy in a 'real-world' non-trial setting.
An all-patient post-marketing survey was a regulatory requirement of the Pharmaceuticals and Medical Devices Agency (PMDA) at the time of Japanese approval of sunitinib and was conducted to expand the sunitinib safety database for the Japanese population and ensure appropriate usage of sunitinib after approval in Japan. The overall objective of the study was to collect and report sunitinib safety and efficacy data in Japanese patients with unresectable or metastatic RCC or imatinib-resistant/intolerant GIST. Results obtained in patients with RCC are reported here, while those obtained in patients with GIST will be reported elsewhere. In addition, based on prior studies that have identified treatment-associated adverse events (AEs) as potential biomarkers of sunitinib efficacy (5-9), a retrospective exploratory analysis was conducted using data from this study to investigate whether such AEs are also correlated with sunitinib efficacy in Japanese patients with advanced RCC. Given the increasing incidence of, and deaths due to, kidney cancer in Japan (10,11), an improved understanding of the clinical benefit with sunitinib, a reference standard of care, and its potential predictive biomarkers is critical to optimize therapy in this population.
Patients and methods

Study design and treatment
In this prospective post-marketing study, all patients treated with sunitinib in Japan after 13 June 2008 (the release date for sunitinib in Japan), were registered in a central system until a pre-specified number of cases accumulated. It was recommended that all patients begin treatment with sunitinib at a starting dose of 50 mg once-daily orally on Schedule 4/2 (4 weeks on treatment followed by 2 weeks off ) in repeating 6-week cycles, although lower starting doses were used in some patients according to physician judgment. The safety and efficacy of sunitinib were observed in registered patients for 24 weeks from the start of treatment or until treatment was discontinued if sooner. Physicians were required to complete an investigation form at 6-week intervals during the 24-week observation period. Patients treated for 24 weeks were followed for up to 2 years. The study conformed to Good Post-Marketing Study Practice guidelines.
Specific objectives of this study included recording the incidences of AEs of Grade ≥3, according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) version 3.0, unexpected or unexpectedly severe AEs, and serious adverse events (SAEs), according to Japanese government regulations for reporting adverse drug reactions (12) ; investigating associations between baseline patient characteristics and AE incidences; and exploring the influence of several factors [baseline characteristics, relative dose intensity (RDI), and AE emergence] on sunitinib efficacy in Japanese patients with unresectable or metastatic RCC.
Analytical and statistical methods
Safety was assessed according to both the criteria indicated by the Japanese government and CTCAE version 3.0; however, only results according to CTCAE version 3.0 are reported here. The incidences (%) of all AEs observed were reported. Associations between baseline characteristics and AEs were analyzed using incidence rates (in personyears). The characteristics analyzed were sex, age, pregnancy status, compliance with proper use standards [i.e. patients must have had Eastern Cooperative Oncology Group performance status (ECOG PS) of 0 or 1, resolution of acute toxicity of prior treatment, left ventricular ejection fraction of not less than the lower limit of normal, neutrophil count ≥1500/μl, platelet count ≥10 × 10 4 /μl, hemoglobin ≥9.0 g/dl, transaminases ≤2.5 times the upper limit of normal (ULN), total bilirubin ≤1.5× ULN, serum creatinine ≤1.5× ULN, albumin ≥3.0 g/dl, serum calcium ≤12.0 mg/dl and thyroid stimulating hormone ≤ULN], prior experience of using the product, body surface area, target disease, presence/absence of metastases, disease stage, morbid period, hospitalization status, treatment history, medical history, complications, presence of hepatic dysfunction, severity of hepatic dysfunction, presence of renal impairment, severity of renal impairment, presence/absence of wound complications, concomitant drugs, use of CYP3A4 inhibitors, non-drug therapy, ECOG PS and starting dose. AE incidence rates were compared using the χ 2 test. In addition, a multivariate Cox proportional hazards model was used to investigate associations between baseline characteristics and other factors and AE development. Efficacy endpoints included ORR and rates of PFS and OS at 24 weeks. Tumor response was assessed by investigators using Response Evaluation Criteria in Solid Tumors (RECIST), version 1.0, although these assessments were not obligatory. Central review of investigator efficacy assessments was not performed. PFS was defined as the time from start of sunitinib treatment until either progressive disease or death. The Kaplan-Meier method was used to estimate PFS and OS, and the log-rank test was used to compare PFS and OS in subpopulations based on selected factors, including RDI and emergence of specific AEs. (For the determination of RDI during the first 6 weeks of sunitinib therapy, sunitinib at 50 mg/day on Schedule 4/2 was considered the planned dosing schedule based on the PMDA-approved dose/ schedule in RCC.)
Results
Among 1689 patients who received sunitinib treatment and were registered in the survey between June 2008 and November 2009, 16 patients were not included in the analysis because their investigation forms had not been collected. Among the 1673 patients for whom investigation forms were collected, 2 were excluded from the safety analysis (due to a protocol violation in one case and absence of confirmed safety data in the other) and an additional 236 were excluded from the efficacy analyses (six cases involved off-label use of sunitinib and 230 were not evaluable for efficacy).
Baseline patient characteristics and details of sunitinib treatment and patient disposition for the 1671 patients in the safety analysis population are provided in Table 1 . The majority of the patients were male (75%), were <65 years of age (56%), had an ECOG PS of 0 or 1 (90%), had metastatic disease (88%), and had received previous systemic therapy (66%). Seventy-eight percent of patients started sunitinib treatment at a dose of 50 mg/day, and the mean RDI of patients during the first 6 weeks of treatment was 73%. Sixty percent of patients discontinued treatment, among whom 40% (24% overall) discontinued due to AEs. At the end of the 24-week observation period, 48% of patients were still on treatment.
Safety
Treatment-related AEs were reported in 95% of patients (Table 2) , with the most frequent by far being reduced platelet count (61%). Hand-foot syndrome, hypothyroidism, hypertension and reduced white blood cell count (33-37%) were also among the most commonly reported. Grade ≥3 AEs were reported in 70% of patients, with reduced platelet count again being the most frequent by far (34%). The next most common Grade ≥3 AEs were hypertension, reduced white blood cell count and reduced neutrophil count (10, 10 and 8%, respectively). Grade ≥3 AEs tended to occur early: within the first 4 weeks of treatment (Supplementary data, Fig. S1 ).
A total of 253 patients (15%) died on study. Of these deaths, 216 were deemed to be unrelated to treatment, while the remaining 37 were considered to be possibly, probably or definitely related to treatment. These were most commonly due to disseminated intravascular coagulation, interstitial lung disease or reduced platelet count (three patients each; the last of these was also associated with disease progression in two cases and gastrointestinal hemorrhage in one case).
Association of patient baseline characteristics with incidences of adverse events
A wide variety of demographic and other baseline characteristics were evaluated to identify any associated with the development of AEs. Characteristics significantly associated with the development of Grade ≥3 AEs after adjusting for confounding factors in multivariate Relative to the total number of patients who discontinued. Fig. 1B ). An analysis of PFS by metastatic site at baseline is shown in Fig. 1C . The PFS rate at 24 weeks in patients with lung metastases only (52%; 95% CI, 44-59) was nearly identical to that of patients with no metastases (52%; 95% CI, 40-62) and among the highest of all subgroups evaluated. PFS based on prior systemic treatment is shown in Fig. 1D . The 24-week PFS rate was numerically lower among patients who had received prior sorafenib (36%) or no prior systemic therapy (43%) than among those who had received IFN-α or Interleukin-2 (IL-2) (48% each); however, 95% CIs overlapped for all of these values.
Overall survival
Median OS was not reached by the end of the 24-week observation period ( Fig. 2A) . The rate of OS at 24 weeks was 84% (95% CI, 82-86). In subgroup analysis, the 24-week OS rate was nominally higher among patients with an RDI ≥70% than <70% during the first 6 weeks of treatment (85 vs. 82%, respectively), although this difference was statistically significant (P = 0.009; Fig. 2B ); consistent with this, the 24-week OS rate was also higher in patients with an RDI ≥70% than <70% during the first 12 weeks of treatment (data not shown). Twenty-four-week OS rates among patients with lung metastases at baseline (89%) were similar to those of patients without metastases (88%) and were numerically among the highest of the subgroups analyzed (Fig. 2C) . Rates among patients with liver or bone metastases were 76 and 84%, respectively. Ninety-five percent CIs for all of these values overlapped. OS based on prior systemic treatment is shown in Fig. 2D . The 24-week OS rate was highest among patients who had received prior IFN-α (92%; 95% CI, 88-95), while that of patients who had received no prior systemic therapy was significantly lower (79%; 95% CI, 75-83). Rates among patients who had received prior IL-2 or sorafenib were intermediate (88 and 83%, respectively, with overlapping 95% CIs).
Association of adverse events with overall survival
The possible association of the development of specific AEs with prolonged survival was evaluated ( Table 4 ). The 24-week OS rate was significantly higher among patients who had the following AEs than among those who did not: hand-foot syndrome (94 vs. 77%; P<0.001), hypertension (87 vs. 76%; P < 0.001), hypothyroidism (87 vs. 82%; P = 0.003), leukopenia (91 vs. 78%; P < 0.001) or thrombocytopenia (87 vs. 76%; P < 0.001). Among AEs analyzed, only anemia did not appear to be associated with higher 24-week OS rates.
Results were similar for analysis of the associations between these AEs and PFS, with the exception that the presence of anemia was also significantly associated with an improved 24-week PFS rate (data not shown).
Discussion
In this post-marketing all-cases survey, sunitinib demonstrated acceptable safety and useful efficacy in Japanese patients with unresectable or metastatic RCC. Grade ≥3 AEs tended to occur early, within the first 4 weeks of treatment, with few occurring after this time point. This may have been the result of successful management of AEs through dose reductions. In addition, no new or unexpected AEs emerged during this study. With median OS not reached, comparisons with previous efficacy results are difficult; however, the 24-week OS rate of 84% compared favorably with previously published 1-year OS rates (68%) (13, 14) . In addition, results from exploratory biomarker analyses were consistent with prior studies, identifying potential AE biomarkers for improved survival with sunitinib, including hypertension, hand-foot syndrome, hypothyroidism and cytopenias.
The safety profile observed in the present study was broadly similar to that previously reported in Japanese or Asian patients (4, (14) (15) (16) . For example, the frequency of discontinuations due to AEs (24%) was comparable to that in most studies that specifically assessed Asian patients (22-25%) (4, 14, 16) , as well as that of the international Phase III study in treatment-naïve RCC (19%) (2) . As given in previous reports, myelosuppression, hand-foot syndrome and hypertension were among the most commonly reported AEs, including Grade ≥3 AEs. However, in comparison with earlier studies, fatigue, skin discoloration, anorexia and gastrointestinal disorders were not reported as frequently. Additionally, previous reports did not identify hypothyroidism as a very common AE among patients with RCC. Such discrepancies may be due to differences in clinical priority assigned to AEs by physicians in a 'realworld' setting as part of a post-marketing survey or increased familiarity with use of sunitinib and subsequent improvement in AE management compared with earlier studies. Finally, the incidences of Grade ≥3 AEs were affected by several demographic and baseline characteristics, including gender, age, performance status and renal impairment.
Results of this study, like previous studies, suggested that while the safety profile of sunitinib in Asian patients is broadly similar to that in non-Asian patients, there may be some differences (4, (14) (15) (16) . Myelosuppressive AEs and hand-foot syndrome, in particular, have been observed at relatively high frequencies and with greater severity in Asian patients than in non-Asian patients in this and other studies, particularly in those studies that have compared these populations directly (4, (14) (15) (16) (17) . For example, Grade ≥3 reduced platelet count occurred in 34% of the patients in the present study compared with 9% of patients receiving sunitinib in the Western Phase III study (2) .
The ORR obtained in the present study (22%) was lower than those previously reported in several international studies or those involving Asian patients (35-53%) (2, 4, 13, 14) . However, a large international expanded-access trial with 3464 evaluable patients reported an ORR with single-agent sunitinib that was comparable to that of the present study (17%) (18) . The conduct of this global Phase IIIb/4 study was similar in a number of respects to the present postmarking study; the ORRs may therefore reflect a lack of specific requirements for evaluation of response in both studies (e.g. the frequency of computed tomography imaging is not strictly specified). The median PFS was shorter in the present study (22.7 weeks or 5.2 months) than was reported in a number of other studies (9-12 months) (2, 4, 13, 14, 18) . This may be due to differences in everyday clinical practice, as compared with clinical trials, in which patients and physicians may be more likely to discontinue treatment for various reasons.
A number of factors were found to be associated with efficacy in this study. Consistent with previously reported prognostic models (19, 20) , patients with a baseline ECOG PS of 0 achieved greater ORR, as did patients without hepatic dysfunction. In addition, prolonged PFS and OS were associated with higher RDI after the first 6 weeks of treatment, which is consistent with a previously reported pharmacokinetic-pharmacodynamic meta-analysis of several studies in predominately non-Asian patients with a variety of solid tumors that showed that sunitinib efficacy correlated with increased drug exposure (21) . Analysis of RDI during the first 12 weeks of treatment produced a similar finding (data not shown). In addition, consistent with previous studies involving predominately non-Asian patients (5-9), the emergence of certain AEs (hypertension, hand-foot syndrome, hypothyroidism, leukopenia and thrombocytopenia) was associated with improved survival.
Of note, in patients with lung metastases only at baseline, clinical outcomes (PFS and OS) were found to be little different than those of patients without metastases, suggesting that sunitinib is an appropriate treatment for these patients. A recent retrospective analysis of the global Phase III and Japanese Phase II RCC studies also demonstrated sunitinib efficacy in patients in whom lung was the sole site of metastasis (22) .
Limitations of this study include the lack of outcomes data for prior therapies, lack of a comparator arm, independent review of tumor response and standardized safety and efficacy assessment (e.g. not all physicians may have strictly applied RECIST), as well as a relatively high level of missing efficacy data (14% of patients). Moreover, interpretation of OS data was made more difficult due to the short follow-up period in this study, especially since the observed OS was longer than had been expected from previously published data. In addition, there are limitations specific to the AE biomarker analyses that may have confounded the results, including variability in AE assessment among physicians and lack of pharmacokinetic data coinciding with the occurrence of each AE biomarker, precluding analysis of the potential impact of drug exposure (i.e. the relationship between each AE biomarker and RDI). Furthermore, given the potential confounding influence of post-sunitinib treatment, predictive value for OS alone may not be evidence of specific biomarkers for sunitinib; instead, these AEs may be predictors of survival for a generalized class of therapies (e.g. VEGF inhibitors) or may be more prognostic for outcome based on patient and/or disease characteristics. The standard dosing regimen for sunitinib is 50 mg/day orally on a 4-weeks-on and 2-weeks-off schedule; however, the difficulty of strict adherence to this schedule is now widely accepted. In this study, we did not collect individual patient data on precise dosing schedules, which were likely modified by the treating physicians. Thus, the optimal dosing schedule for sunitinib remains an open question for further research (23) (24) (25) .
In summary, the results of this study confirm the acceptable safety and useful efficacy of sunitinib in a large robust population of patients with unresectable or metastatic RCC who reflect the broader patient population found in the 'real-world' setting in Japan. Such a postmarketing study also better reflects everyday clinical practices than those used in randomized controlled trials. Finally, in addition to confirming the clinical benefit with sunitinib in this population, this study has provided important hypothesis-generating and supporting information on predictive markers for efficacy and prognosis, which may help individualize and optimize use of sunitinib in this RCC patient population.
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